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(54) Dielectric filter, dielectric duplexer and communication apparatus 

(57) A dielectric resonator (5) is electrically con- 
nected to an input temninal (1) through a coupling 
capacitor (C1). A dielectric resonator (6) is electrically 
connected to an output terminal (2) through a coupling 
capacitor (C3). The dielectric resonators (5, 6) are elec- 
trically connected to each other through a coupling 
capacitor (C2). A voltage control terminal (3) is electri- 
cally connected to the cathode of a variable-capaci- 
tance diode (D1) and to one end of the coupling 
capacitor (CI) through a choke coil (LI). The anode of 
the variable-capacitance diode (D1) is electrically con- flGA 
nected to the dielectric resonator (6). That is. the varia- 
ble-capacitance diode (D1) is used as a multipath circuit 
element of a filter (15). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical Field of the Invention 

The present invention relates to a dielectric filter, a 
dielectric duplexer and a communication apparatus hav- 
ing the dielectric f IKer and the dielectric duplexer. 

2. Related Art of the Invention 

Frequency band variable type dielectric filters such 
as those using variable-capacitance diodes D1 1 and 
D12 shown in Figs. 11 and 12 have been proposed for 
designing portable telephone sets smaller in power con- 
sumption and in size. 

Fig. 1 1 shows the circuit configuration of a conven- 
tional variable-frequency bandpass filter. In the circuit 
shown in Fig. 11, portion 1 is an input terminal: portion 
2 is an output terminal; portion 3 is a voltage control ter- 
minal; components 5 and 6 are dielectric resonators; 
components C21, C22, and C23 are coupling capaci- 
tors; components C24 and C25 are capacitors for 
changing a frequency band; components D1 1 and D12 
are variable-capacitance diodes; and components L1 1 
and LI 2 are choke coils. 

Fig. 12 shows the circuit configuration of a conven- 
tional variat)le-frequency bandstop filter. In the circuit 
shown in Fig. 1 , portion 1 is an input terminal; portion 2 
is an output terminal; portion 3 is a voltage control ter- 
minal: components 5 and 6 are dielectric resonators; 
components C26 and C27 are capacitors; component 
L10 is a coupling coil; components C28 and C29 are 
coupling capacitors for determining an amount of stop 
band attenuation; components C24 and C25 are capac- 
itors for changing a frequency band; components D1 1 
and D12 are variabie-capacttance diodes; and compo- 
nents L1 1 and LI 2 are choke coils. 

The dielectric filter thus arranged has a center fre- 
quency determined by the resonant frequencies of res- 
onant systems respectively formed of the capacitances 
of the variable-capacitance diodes D11 and D12. the 
capacitances of the capacitors C24 and C25, and the 
dielectnc resonators 5 and 6. The capacitances of the 
variable-capacitance diodes D11 and D12 are changed 
by changing a voltage applied to the voltage control ter- 
minal 3. thus enabling variable setting of the center fre- 
quency. 

The conventional dielectric filters, however, have a 
drawback in that, since the variable-capacitance diodes 
D1 1 and D12 for variable setting of a center frequency 
are respectively connected to dielectric resonators 5 
and 6 in parallel with the same, a deterioration is caused 
in Qo of the resonant systems (Q at the center fre- 
quency) by addition of th capacitances of the variabi - 
capacitance diod s D1 1 and 012 rn parallel wrth the 
dielectric resonators 5 and 6. If it is necessary to largely 



change the frequency of the dielectric filter, an increase 
in the capacitances of the variable-capacitance diodes 
01 1 and 012 is required. In such a case, adet rioration 
in Qo of the resonant systems cannot be avoided. In 
5 particular, because the insertion loss of the bandpass 
filter is dependent on Qq of the resonant systems, a 
deterioration in the electrical characteristic of the dielec- 
tric filter in the bandpass filter is considerable. 

10 SUMMARY OF THE INVENTION 

It is. therefore, an object of the present invention to 
provide a dielectric filter and a dielectric duplexer free 
from any considerable deterioration in Qq of resonant 

15 systems and having a small insertion loss and a large 
amount of attenuation, and a communication apparatus 
having tifte dielectric fitter or duplexer. 

The present Invention provides a dielectric filter 
comprising: an input terminal, an output terminal, and a 

20 voltage control terminal; a plurality of dielectric resona- 
tors electi'ically connected between said input terminal 
and said output terminal; a variable-capacitance diode 
electrically connected to at least one of said plurality of 
dielectric resonators, the capacitance of said variable- 
's capacitance diode being electrically changeable by a 
control signal from said voltage control terminal; and 
said variable-capacitance diode being served as a mul- 
tipath circuit element of a bandpass fitter. 

The present invention further provides a dielectric 

30 filter, comprising: an input terminal, an output terminal, 
and a voltage control terminal; a plurality of dielectric 
resonators electrically connected between said input 
terminal and said output terminal; a PIN diode electri- 
cally connected to at least one of said plurality of dielec- 

35 trie resonators, said PIN diode being turned on and off 
by a control signal from said voltage control terminal; a 
direct-current cutting capacitor electrically connected in 
series with said PIN diode on the anode side of the 
same; said voltage control terminal being electrically 

40 connected to a point between said PIN diode and said 
direct-current cutting capacitor; a series circuit compris- 
ing said PIN diode and said direct-current cutting capac- 
itor being served as a multipath circuit element of a 
bandpass filter. 

45 The present invention further provides a cfielectric 
filter, comprising: an input terminal, an output terminal, 
and a voltage control terminal; a plurality of dielectric 
resonators electrically connected between said input 
terminal and said output terminal; a variable-capaci- 

so tance diode whose capacitance can be electrlcatly 
changed by a control signal from said voltage control 
terminal; a first capacitor electrically connected in series 
with said variable-capacitance diode on the cathode 
side of the same; at least one second capacitor eiectri- 

55 catty connected In parallel with the series circuit of said 
variable-capacitance diode and said first capacitor; and 
a parallel circuit conprising said variable-capacrtance 
diode, said first capacitance and said second capad- 
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tance is electrically connected in series with at least one 
of said plurality of dielectric resonators and being 
sensed as a trapping capacitor of a bandstop fitter. 

The present invention further provides a dielectric 
filter, comprising: an input terminal, an output terminal, 
and a voltage control terminal; a plurality of dielectric 
resonators electrically connected between said input 
terminal and said output terminal; a PIN diode turned on 
and off by a control signal from said voltage control ter- 
minal; at least one capacitor electrically connected in 
parallel with said PIN diode; and a parallel circuit com- 
prising said PIN diode and said capacitor being electri- 
cally connected in series with at least one of said 
plurality of dielectric resonators and being used as a 
trapping capacitor of a bandstop filter. 

The present invention further provides a dielectric 
duplexer, comprising at least one of the above 
described dielectric filters. 

The present invention further provides a communi- 
cation apparatus comprising at least one of the above 
desaibed dtefectric filters and the above described die- 
lectric duplexer. 

In the above-described arrangement, an attenua- 
tion pole is moved by performing control of a voltage 
applied to the voltage control terminal such that the 
capacitance value of the variable-capacitance diode is 
changed or the PIN diode is turned on and off, whereby 
a center frequency of the filter is changed. In the dielec- 
tric resonator, the capacitance of the device electrically 
changeable is not connected in parallel with the dielec- 
tric resonator, so that a deterioration in Oq of the reso- 
nant system is limited and the insertion loss is reduced 
while the amount of attenuation is increased. 

Also, a dielectric duplexer in accordance with the 
present invention has at least one of the dielectric filters 
having the above-described features, thereby limiting a 
deterioration in Qq of the resonant system, reducing the 
insertion loss and increasing the amount of attenuation. 

Further, a communication apparatus in accordance 
with the present invention has at least one of the dielec- 
tric filters and the dielectric duplexer having the above- 
desaibed features and can have improved electrical 
characteristics using the dielectric filter or dielectric 
duplexer free from any considerable deterioration in Qq 
of the resonant system and having a small insertion loss 
and a large attenuation amount. 
Other features and advantages of the present invention 
will become apparent from the following description of 
preferred embodiments of the invention which refers to 
the accompanying drawings, wherein like reference 
numerals indicate like elements to avoid duplicative 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is an electric circuit diagram showing the con- 
figuration of a first embodiment of a dielectric filter in 
accordance with the present invention. 



Rg. 2 is a cross-sectional view of an example of a 
dielectric resonator used in the dielectric filter shown in 
Fig. 1. 

Rg. 3 is a graph showing an attenuation character- 
5 istic of the dielectric filter shown in Rg. 1 . 

Rg. 4 is an electric circuit diagram showing the con- 
figuration of a second embodiment of the dielectric filter 
in accordance with the present invention. 

Rg. 5 is a graph showing an attenuation character- 
to istic of the dielectric filter shown in Rg. 4. 

Rg. 6 is an electric circuit diagram showing the con- 
figuration of a third embodiment of the dielectric filter in 
accordance with the present invention. 

Rg. 7 is an electric circuit diagram showing the con- 
15 figuration of a fourth embodiment of the dielectric filter 
in accordance with the present invention. 

Rg. 8 is an electric circuit diagram showing the con- 
figuration of a fifth embodiment of the dielectric fitter in 
accordance with the present invention. 
20 Rg. 9 is an electric circuit block diagram showing an 
embodiment of a dielectric duplexer in accordance with 
the present invention. 

Rg. 10 is an electric circuit block diagram showing 
an embodiment of a communication apparatus in 
25 accordance with the present invention. 

Rg. 11 is an electric circuit diagram showing the 
configuration of a conventional dielectric filter. 

Rg. 12 is an electric circuit diagram showing the 
configuration of another conventional dielectric filter. 

30 

PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 

[First Prefen-ed EnrtfxxJiment, Rgs. 1 to 3] 

35 

Rg. 1 shows tiie circuit configuration of a variable- 
frequency bandpass filter 15 having one attenuation 
pole. A dielectric resonator 5 is electrically connected to 
an input terminal 1 trough a coupling capacitor CI. A 

40 dielectric resonator 6 is electrically connected to an out- 
put terminal 2 through a coupling capacitor C3. The die- 
lectric resonators 5 and 6 are electrically connected to 
each other through a coupling capacitor C2. 

A voltage control terminal 3 is electrically con- 

45 nected to tiie cathode of a variable-capacitance diode 
D1 and to one end of the coupling capacitor 01 through 
a choke coil L1 . The anode of tiie variable-capacitance 
diode D1 is electrically connected to the dielectric reso- 
nator 6. That is, the variable-capacitance diode 01 

so forms a multipath circuit which polarizes the filter 1 5. 

For example, as shown in Rg. 2. a coaxial type res- 
onator is used as each of the dielecti'ic resonators 5 and 
6. Each of the dielecti-ic resonators 5 and 6 is formed of 
a cylindrical dielectric member 11 made of a high-die- 

55 lectric-constant material such as a TlOg ceramic, an 
outer conductor 1 2 provided on the outer cylindrical sur- 
face of the cylindrical dielectric member 11, and an 
inner conductor 13 provided on the inner cylindrical sur- 
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face of the cylindrical member 1 1 . The outer conductor 

12 has an electrically-open (s^)arated) end apart from 
the inner conductor 13 at one opening end surface 1 la 
of the dielectric member 1 1 (hereinafter referred to as 
open end surface 1 la), and is electrically connected to 
the inner conductor 13 at the other opening end surface 
1 lb (hereinafter refen'ed to as short-circuit end surface 
1 1b). The coupling capacitors Cl to C3 and the anode 
of the diode D1 are connected to the inner conductors 

13 of the dielectric resonators 5 and 6 at the open end 
surfaces 11a while the outer conductors 12 are 
grounded at the short-circuit end surfaces 1 lb. 

A center frequency of this variable-frequency band- 
pass filter 15 is determined by the capacitance of the 
variable-capacitance diode D1 and resonant frequen- 
cies of resonant systems formed by the dielectric reso- 
nators 5 and 6. A terminal voltage of the variable- 
capacitance diode D1 is changed by controlling the 
value of a direct-current voltage of a variable voltage 
source (not shown) connected to the voltage control ter- 
minal 3. With tWs change, the capacitance of the varia- 
ble-capacitance diode D1 is changed. For example, as 
shown in Fig. 3, attenuation pole 17a of the filter 15 is 
thereby moved to the point indicated at 17a'. with the 
curve of the attenuation characteristic indicated by the 
solid line 17 being changed into a curve indicated by the 
broken line 17', thus changing the center frequency of 
the filter 15. 

Because the variable-capacitance diode D1 is used 
as a multipath circuit element forming one attenuation 
pole, and because the variable-capacitance diode D1 is 
connected to the dielectric resonator 6. the attenuation 
pole can be changed without parallel connection of the 
capacitance of the variable-capacitance diode D1 to the 
dielectric resonator 6. Therefore, a deterioration in Qq 
of the resonant systems can be limited and a small 
insertion loss and a large attenuation amount can be 
achieved. 

[Second Prefen-ed Embodiment. Figs. 4 and 51 

Fig. 4 shows the circuit configuration of variable-fre- 
quency bandpass filter 25 having two attenuation poles. 
Between an Input terminal 1 and an output terminal 2. 
dielectric resonators 5. 6. and 7 form a multistage circuit 
through coupling capacitors Cl. C2. C3. and O. That 
is, the input terminal 1 and the dielectric resonator 5 are 
electrically connected to each other through the cou- 
pling capacitor Cl ; the dielectric resonators 5 and 6 are 
electrically connected to each other through the cou- 
pling capacitor C2; the dielectric resonators 6 and 7 are 
electrically connected to each other through the cou- 
pling capacitor C3: and the output terminal 2 and the 
dielectric resonator 7 are electrically connected to each 
other through the coupling capacitor C4. 

A voltage control terminal 3 is electrically con- 
nected to the cathode of the variable-capacitance diode 
D1 and to one end of the coupling capacitor Cl through 



a choke coil L1 . and is also connected electrically to the 
cathode of the variable-capacitance diode D2 and to 
one end of the coupling capacitor C4 through a choke 
coil L2. The anodes of the variable-capacitance diodes 
5 D1 and D2 ar electrically connected to th dielectric 
resonator 6. That is, the variable-capacitance diodes D1 
and D2 form a multipath circuit which polarizes the filter 
25. 

A center frequency of this variable-frequency band- 
10 pass filter 25 Is determined by the capacitances of the 
variable-capacitance diodes D1 and D2 and resonant 
frequencies of resonant systems formed by the dielec- 
tric resonators 5 to 7. The capacitances of the variable- 
capacitance diodes D1 and D2 are changed by chang- 
15 ing the value of a voltage applied to the voltage control 
terminal 3. For example, as shown in Fig. 5, two attenu- 
ation poles 27a and 27b of the filter 25 are thereby 
moved to the points indicated at 27a' and 27b*. with the 
curve of the attenuation characteristic indicated by the 
20 solid line 27 being changed into a curve indicated by the 
broken line 27'. thus changing the center frequency of 
the filter 25. This variable-frequency bandpass filter 25 
operates in the same manner and has the same advan- 
tage as the above-described first embodiment filter 15. 

25 

[Third Preferred Embodiment, Rg. 6] 

As shown in Fig. 6, a third embodiment variatsle-fre- 
quency bandpass filter 35 has a multipath circuit in 

30 which PIN diodes D5 and D6 are respectively con- 
nected electrically in series with capacitors C5 and C6 
which polarize the filter 35 (hereinafter referred to as 
multipath capacitors C5 and C6). Between an input ter- 
minal 1 and an output temninal 2. dielectric resonators 

35 5. 6. and 7 form a multistage circuit through coupling 
capacitors Cl , C2, and C3. and a coupling coil L5. That 
is, the input terminal 1 and the dielectric resonator 5 are 
electrically connected to each other through the cou- 
pling capacitor Cl ; the dielectric resonators 5 and 6 are 

40 electrically connected to each other through the cou- 
pling capacitor C2; the dielectric resonators 6 and 7 are 
electrically connected to each other through the cou- 
pling capacitor C3; and the output terminal 2 and the 
dielectric resonator 7 are electrically connected to each 

45 other through the coupling coil L5. Alternatively, the out- 
put terminal 2 and the dielectric resonator 7 may be 
electrically connected through a coupling capacitor. 
Attenuation poles are formed on the high-frequency 
side of the passband in the case where the coupling coil 

50 L5 is used while attenuation poles are fbmned on the 
low-frequency side of the passband in the case where a 
coupling capacitor is used. 

The series drcuit of the multipath capacitor C5 and 
the PIN diode D5 is connected between the input termi- 

55 nal 1 and the open end surface of the dielectric resona- 
tor 6. The series circuit of the multipath capacitor C6 
and the PIN diode D6 is connected between the output 
terminal 2 and the open nd surface of the dielectric 
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resonator 6. The multipath capacitors C5 and C6 cut off 
direct-current components. 

A voltage control terminal 3 is electrically con- 
nected to the anode of the PIN diode D5 and to one end 
of the multipath capacitor C5 through a choke coil LI . 
and is also connected electrically to the anode of the 
PIN diode D6 and to one end of the multipath capacitor 
C6 through a choke coil L2. The cathodes of the PIN 
diodes 05 and D6 are electrically connected to the die- 
lectric resonator 6. 

A center frequency of this variable-frequency band- 
pass filter 35 is determined by the capacitances of the 
mutipath diodes C5 and C6 and resonant frequencies of 
resonant systems formed by the dielectric resonators 5 
to 7. When a positive voltage is applied as a control volt- 
age to the voltage control terminal 3. the PIN diodes D5 
and D6 are turned on. Conduction is thereby caused 
between the multipath capacitors C5 and C6 and the 
dielectric resonator 6 via the PIN diodes D5 and D6. 
Conversely when a negative voltage is applied as a 
control voltage, the PIN diodes D5 and D6 are turned 
off. The multipath capacitors C5 and C6 are thereby iso- 
lated from the dielectric resonator 6. Thus, the capaci- 
tances of the multipath capacitors C5 and C6 are added 
to or removed from the dielectric resonator 6 to change 
multipath circuit constants. That is, the series circuit 
formed of the PIN diode D5 and the multipath capacitor 
C5 is used as a multipath circuit element of the filter 35. 
Also, the series circuit formed of the PIN diode D6 and 
the multipath capacitor C6 is used as a multipath circuit 
element of the filter 35. Consequently attenuation poles 
of the filter 35 can be moved to change the center fre- 
quency 

In the above-described filter 35. the PIN diodes D5 
and D6 provided as a multipath circuit element are con- 
nected to the dielectric resonator 6, so that a deteriora- 
tion in resonance system Qq can be limited and a small 
insertion loss and a large attenuation amount can be 
achieved. 

[Fourth Preferred Embodiment, Fig. 7] 

As a fourth en*odiment. an example of a variable- 
frequency bandstop filter will be desaibed. As shown in 
Rg. 7, a variable-frequency bandstop filter 45 has a res- 
onating capacitor C1 5 electrically connected in series to 
the cathode of a variable-capacitance diode D1. and 
has a resonating capacitor C17 connected in parallel 
with this series circuit of the variable-capacitance diode 
D1 and the resonating capacitor C15. Similarly a reso- 
nating capacitor C16 is electrically connected in series 
to the cathode of a variable-capacitance diode D2, and 
a resonating capacitor CI 8 is connected in parallel with 
this series circuit of the variable-capacitance diode 02 
and the resonating capacitor CI 6. The parallel circuit 
formed of the variable-capacitanc diode 01 , the reso- 
nating capacitor C15 and the resonating capacitor C17 
IS electrically connected in series to a dielectric resona- 



tor 5 while the parallel circuit formed of the variable- 
capacitance diode 02. the resonating capacitor C16 
and the resonating capacitor CI 8 is electrically con- 
nected in series to a dielectric resonator 6. thus forming 
5 a trap circuit. 

Trap frequencies of this variable-frequency band- 
stop filter 45 are determined by the resonant frequency 
of the resonant system formed of the capacitance of the 
variable-capacitance diode D1. the resonating capaci- 
10 tors C1 5 and C1 7 and the dielectric resonator 5 and the 
resonant frequency of the resonant system formed of 
the capacitance of the variable-capacitance diode 02. 
the resonating capacitors CI 6 and CI 8 and the dielec- 
tric resonator 6. The capacitances of the variable- 
15 capacitance diodes 01 and 02 are changed by chang- 
ing the value of a voltage applied to a voltage control 
terminal 3 to change trap circuit constants. That is, the 
parallel circuit formed of the resonating capacitors CI 5 
and C17 and the variable-capacitance diode 01 is elec- 
20 trically connected in series with the dielectric resonator 
5 to be used as a trapping capacitor of the filter 45. Also, 
the parallel circuit formed of the resonating capacitors 
CI 6 and CI 8 and the variable-capacitance diode 02 is 
electrically connected in series with the dielectric rese- 
ts nator 6 to be used as a trapping capacitor of the filter 45. 
Attenuation poles of the filter 45 are thereby moved to 
change the trap frequencies. 



30 



[Fifth Enrtbodiment, Fig. 8] 



As shown in Fig. 8, a fifth embodiment variable-fre- 
quency bandstop filter 65 has a trap circuit formed of 
resonating capacitors C15 and CI 7. and CI 6 and CI 8 
connected In parallel, and PIN diodes 05 and 08 elec- 

35 trically connected in series with the capacitors CI 5 and 
CI 6, respectively 

Trap frequencies of this variable-frequency band- 
stop filter 65 are determined by the resonant frequency 
of the resonant system formed of the resonating capac- 

40 itors CI 5 and CI 7 and the dielectric resonator 5 and the 
resonant frequency of the resonant system formed of 
the resonating capacitors C16 and CI 8 and the dielec- 
tric resonator 6. When a positive voltage is applied as a 
control voltage to a voltage control terminal 3, the PIN 

45 diodes 05 and 06 are turned on. Conduction is thereby 
caused between the resonating capacitor CI 5 and the 
dielectric resonator 5 via the PIN diode 05 and between 
the resonating capacitor C16 and the dielectric resona- 
tor 6 via the PIN diode 06. Conversely when a negative 

50 positive voltage is applied as a control voltage, the PIN 
diodes 05 and 06 are turned off. The resonating capac- 
itors C15 and CI 6 are thereby isolated from the dielec- 
tric resonators 5 and 6. 

The capacitances of the resonating capacitors C15 

55 and CI 6 are thereby added to or removed from the die- 
lectric resonators 5 and 6 to change trap circuit con- 
slants. That is. the parallel circuit formed of the 
resonating capacitors CI 5 and CI 7 and the PIN diode 



5 



EP0 881700A1 



10 



D5 is electrically connected in series with the dielectric 
resonator 5 to be used as a trapping capacitor of the fil- 
ter 65. Also, the parallel circuit formed of the resonating 
capacitors C16 and C18 and the PIN diode D6 is elec- 
trically connected in series with the dielectric resonator 
6 to be used as a trapping capacitor of the filter 65. 
Attenuation poles of the filter 45 are thereby moved to 
change the trap frequencies. 

[Sixth Prefen-ed Embodiment. Fig. 9] 

The sixth embodiment is an example of a dielectric 
duplexer in accordance with the present invention. 

As shown in Fig. 9, a dielectric duplexer 73 is 
formed by combining two variable-frequency bandpass 
filters 15 described above as the first embodiment. For 
example, this dielectric duplexer 73 is used to perform 
bi-directional communication in a motor vehicle tele- 
phone system or the like. Different frequency bands are 
determined as frequency bands used for transmitting 
and receiving. In Fig. 9. a component 74 is a transmit- 
ting section, a component 75 is a receiving section, a 
component 76 is a control section for changing the 
center frequency of each filter 1 5 to a desired frequency 
by changing a voltage at a terminal of a variable-capac- 
itance diode D1 included in the filter 15. and a compo- 
nent 77 is a transmitting and receiving antenna. 
Needless to say, while two filters 1 5 are combined in the 
sixth embodiment, any two of the variable-frequency 
bandpass filters 15, 25, and 35 described above as the 
first to third embodiments may be conrtbined to form a 
dielectric duplexer. 

[Seventh Preferred Embodiment. Fig. 10] 

The seventh embodiment is a communication 
apparatus in accordance with the present invention, 
which will be described as a portable telephone set by 
way of example. 

Fig. 10 is an electrical circuit block diagram of an 
RF section of a portable telephone set 120. In Fig. 10, a 
component 122 is an antenna element, a component 
123 is an antenna sharing filter (duplexer) 123. a com- 
ponent 131 is a transmitting-side isolator, a component 
132 is a transmitting-side amplifier, a component 133 is 
a transmitting-side interstage bandpass filter, a compo- 
nent 134 is a transmitting-side mixer, a component 135 
is a receiving-side amplifier, a component 136 is a 
receiving-side interstage bandpass filter, a component 
137 is a receiving-side mixer, a component 138 is a volt- 
age control oscillator (VCO), and a component 139 is a 
local bandpass filter. 

For example, the above-deswibed fifth embodiment 
dielectric duplexer 73 can be used as antenna sharing 
filter (duplexer) 1 23. For example, each of the dielectric 
filters 1 5. 25, and 35 described above as the first to third 
prefenred mbodiments can be used as transmitting- 
side and receiving-side interstage bandpass filters 133 



and 136 and local bandpass fitter 139. 

The dielectric filter, the dielectric duplexer and the 
communication apparatus of the present invention are 
not limited to the above-described embodiments, and 
5 can be variously modified within the scope of the inven- 
tion. 

While the invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled man in the 
10 art that the forgoing and other changes in form and 
details may be made therein without departing from the 
spirit of the invention. 
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Claims 

1 . A dielectric filter (1 5; 25) comprising: 

an input terminal (1). an output terminal (2), 
and a voltage control terminal (3); 
a plurality of dielectric resonators (5. 6: 5, 6, 7) 
electrically connected between said input ter- 
minal (1) and said output terminal (2); 
a variable-capacitance diode (Dl; D1, D2) 
electrically connected to at least one of said 
plurality of dielectric resonators (5, 6; 5, 6, 7). 
the capacitance of said variable-capacitance 
diode (Dl; Dl, D2) being electrically changea- 
ble by a control signal from said voltage control 
terminal (3); and 

said variable-capacitance diode (Dl; D1, D2) 
being served as a multipath circuit element of a 
bandpass filter. 

2. A dielectric filter (35) comprising: 

an input terminal (1), an output terminal (2), 
and a voltage control terminal (3); 
a plurality of dielectric resonators (5. 6. 7) elec- 
trically connected between said input terminal 
(1) and said output terminal (2); 
a PIN diode (D5, D6) electrically connected to 
at least one of said plurality of dielectric reso- 
nators (5. 6. 7). said PIN diode (D5. D6) being 
turned on and off by a control signal from said 
voltage control terminal (3); 
a direct-current cutting capacitor (C5. C6) elec- 
trically connected in series with said PIN diode 
(D5. D6) on the anode side of the same; 
said voltage control terminal (3) being electri- 
cally connected to a point between said PIN 
diode (D5. D6) and said direct-current cutting 
capacitor (C5, C6). 

a series circuit comprising said PIN diode (D5. 
D6) and said direct-current cutting capacitor 
(C5. C6) being served as a multipath circuit 
element of a bandpass fitter. 

3. A dielectric filter (45) comprising: 
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an input terminal (1). an output terminal (2). 
and a voltage control terminal (3): 
a plurality of dielectric resonators (5, 6) electri- 
cally connected between said input terminal (1) 
and said output terminal (2): s 
a variable-capacitance diode (D1 . D2) whose 
capacitance can be electrically changed by a 
control signal from said voltage control terminal 
(3): 

a first capacitor (CI 5, CI 6) electrically con- io 
nected in series with said variable-capacitance 
diode (D1. D2) on the cathode side of the 
same: 

at least one second capacitor (C17. CI 8) elec- 
trically connected in parallel with the series dr- is 
cuit of said variable-capacitance diode (D1. 
D2) and said first capacitor (C15. C16): and 
a parallel circuit comprising said variable- 
capacitance diode (D1. D2), said first capaci- 
tance (CI 5, CI 6) and said second capacitance 20 
(C17. C18) is electrically connected in series 
with at least one of said plurality of dielectric 
resonators (5. 6) and being served as a trap- 
ping capacitor of a bandstop filter. 

25 

4. A dielectric filter (65) comprising: 

an input terminal (1). an output terminal (2), 

and a voltage control terminal (3); 

a plurality of dielectric resonators (5, 6) electri- $0 

cally connected between said input terminal (1 ) 

and said output terminal (2); 

a PIN diode (D5, D6) turned on and off by a 

control signal from said voltage control terminal 

(3); 35 

at least one capacitor (C17, CIS) electrically 

connected in parallel with said PIN diode (D5, 

D6}: and 

a parallel circuit comprising said PIN diode (D5, 
D6) and said capacitor (C17. CIS) being elec- 40 
trically connected in series with at least one of 
said plurality of dielectric resonators (5. 6) and 
being used as a trapping capacitor of a band- 
stop filter. 

45 

5. A dielectric duplexer (73) comprising at least one of 
the dielectric filters (15; 25; 35; 45; 65) according to 
Claims 1 to 4. 

6. A communication apparatus (120) comprising at so 
least one of the dielectric filters (15; 25; 35; 45; 65) 
according to Claims 1 to 4 and the dielectric 
duplexer according to Claim 5. 
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